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INPUT BUFFER 

[0001] This U.S. patent application claims priority under 35 U.S.C. § 119 to Korean 
Patent Application 2002-79348 filed on Dec, 12, 2002, the entire content of which is 
5 hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

1 0 [0002] The present invention generally relates to an input buffer, and more specifically, 
to an input buffer having a pull-up means. 

2. Description of Related Art 

[0003] Owing to the development of process technology, semiconductor devices having 
1 5 a power supply voltage lower than 3.3V can be achieved using deep-submicron line 
width technology. However, the power supply voltage of external systems that 
communicate with such devices commonly operate at a voltage, such as 5V, that is 
higher than the power supply voltage within the semiconductor device. 
[0004] Thus, input circuits of the semiconductor device commonly include a high- 
20 voltage tolerant function such that device can operate stably, irrespective of the applied 
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external voltage level. 

[0005] Generally, an input circuit of the semiconductor device indicates an input buffer 
that buffers a signal input at a chip pad. 

[0006] An input buffer having a conventional pull-up means buffers the signal input at 
5 the pad, and pulls up the pad by the pull-up means when the pad is in a floating state. 
[0007] However, the input buffer having the conventional pull-up means does not pull up 
the pad to the power supply voltage level by the pull-up means in the case where the 
pad is in the floating state, and instead pulls it up to a voltage of the power supply 
voltage minus a threshold voltage. Accordingly, an input buffer receiving a signal from 
1 0 an external device connected to the pad of the semiconductor device is turned on, 
causing leakage current through the input buffer. 

[0008] Fig. 1 is a circuit diagram of an embodiment of an input buffer having a 
conventional pull-up means. The pull-up means comprises an NMOS transistor N1, a 
PMOS transistor P1 , and a buffer BUF1 . 

15 [0009] In Fig. 1, reference numeral 10 shows a pad. 

[0010] The operation of the circuit illustrated in Fig. 1 is as follows. 
[0011] The NMOS transistor N1 is always turned on. When a signal of a ground voltage 
level is applied to the pad 10, the signal of the ground voltage level is transmitted to a 
node n. In the case where a signal of a high voltage level, or a power supply voltage 

20 level, is applied, the voltage transmitted to node n is one of the high voltage minus. the 
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threshold voltage Vtn of the NMOS transistor N1 or the power supply voltage VDD 
minus the threshold voltage Vtp of the NMOS transistor N1 VDD-Vtn. That is, the NMOS 
transistor N1 performs a high-voltage tolerant function. The buffer BUF1 generates an 
input signal IN by buffering the signal applied to the node n. In such an operation, the 

5 PMOS transistor P1 is configured to not influence the voltage of the node n. 

[0012] When the pad 10 is in floating state, the PMOS transistor P1 pulls up the node n 
to the power supply voltage VDD level. The NMOS transistor N1 transmits the voltage 
VDD-Vtn subtracting the threshold voltage Vtn of the NMOS transistor N1 from the 
power supply voltage VDD to the pad 10. That is, the pad 10 is not fully pulled up to the 

1 0 power supply voltage VDD level, and is pulled up to the voltage VDD-Vtn, subtracting 
the threshold voltage Vtn of the NMOS transistor N1 from the power supply voltage 
VDD. Therefore, the pad 10 is prevented from being in floating state by the PMOS 
transistor P1 . 

[0013] However, since the pad 10 is pulled up to the voltage of VDD-Vtn, subtracting the 
1 5 threshold voltage Vtn of the NMOS transistor N 1 from the power supply voltage VDD, 
an input buffer connected to a pad of an external device connected to the pad 10 is 
turned on, causing a leakage current through the input buffer connected to the pad of 
the external device. 

[0014] Of course, if the input buffer is configured by directly connecting the PMOS 
20 transistor P1 with the pad 10, it is possible to pull up the pad 10 to the power supply 



3 



Attorney Docket No.: SAM-0491 

voltage level in the case where the pad 10 is in the floating state. However, in such a 
configuration, if a high voltage is applied to the pad 10, this configuration can cause a 
very large voltage difference to be applied between a gate and a drain of the PMOS 
transistor P1 , thereby allowing for damage to the gate oxide of the PMOS transistor P1 . 

5 

SUMMARY OF THE INVENTION 
[0015] It is therefore an object of the present invention to provide an input buffer 
capable of pulling up a pad at a power supply voltage level when the pad is in a floating 
state and protecting the pull-up means in the event that a high voltage signal is applied 
10 to the pad. 

[0016] To accomplish the above object, the input buffer of the present invention 
comprises: a pull-up transistor connected between a power supply voltage and an input 
pad and having a gate to which a control voltage is applied and a substrate to which a 
floating well voltage is applied; a transmission transistor having a gate to which the 

1 5 power supply voltage is applied and a substrate connected to a ground voltage, and 
transmitting a signal applied to the input pad; a buffer generating an input signal by 
buffering the signal transmitted by the transmission transistor; and a controller 
generating a voltage of the signal applied to the input pad as the control voltage and the 
floating well voltage when a high voltage is applied to the input pad, generating the 

20 ground voltage as the control voltage and the power supply voltage as the floating well 
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voltage in the case where a voltage less than the high voltage is applied to the input pad. 
[0017] The controller comprises: a high voltage detecting circuit generating a high 
voltage detecting signal when the high voltage is applied to the input pad; a high voltage 
detecting reset circuit generating a high voltage detecting reset signal for resetting the 
5 high voltage detecting signal in case the voltage less than the high voltage is applied to 
the input pad; and a control voltage and floating well voltage generating circuit 
generating the voltage applied to the input pad as the control voltage and the floating 
well voltage when the high voltage detecting signal is generated, and generating the 
ground voltage as the control voltage and the power supply voltage as the floating well 
1 0 voltage in case the high voltage detecting signal is reset, 

In one example, the high voltage is a voltage greater than the power supply 

voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 
1 5 [001 8] Exemplary embodiments of the present invention will be readily apparent to 

those of ordinary skill in the art upon review of the detailed description that follows when 
taken in conjunction with the accompanying drawings, in which like reference numerals 
denote like parts, and in which: 

[0019] Fig. 1 is a circuit diagram of an embodiment of an input buffer having a 
20 conventional pull-up means. 
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[0020] Fig. 2 illustrates a configuration of an embodiment of an input buffer in 
accordance with the present invention. 

[0021] Fig. 3 is a circuit diagram of an embodiment of an input buffer in accordance with 
the present invention. 

5 [0022] Fig. 4 illustrates voltage changes of various nodes of the circuit, in accordance 
with a change in voltage applied to a pad of the circuit shown in Fig. 3. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0023] Reference will now be made in detail to exemplary embodiments of the present 
10 invention, which are illustrated in the accompanying drawings. 

[0024] Hereinafter, the input buffer of the present invention will be more fully described 
in reference to the accompanying drawings. 

[0025] Fig. 2 illustrates a configuration of an embodiment of an input buffer in 

accordance with the present invention, comprising a high voltage detecting circuit 100, a 
1 5 control voltage and floating well voltage generating circuit 110, a high voltage detecting 

reset circuit 120, a PMOS transistor P2, a NMOS transistor N2, and a buffer BUF2. 

[0026] In Fig. 2, reference numeral 20 refers to a chip pad. 

[0027] The function of the configuration shown in Fig. 2 will be described as follows. 

[0028] When a voltage at a level greater than a power supply voltage VDD level is 
20 applied to the pad 20 while a floating well voltage VFW is applied, the high voltage 
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detecting circuit 100 generates a high voltage detecting signal VDET and resets the 
high voltage detecting signal VDET in response to a high voltage reset signal VRE. 
[0029] The control voltage and floating well voltage generating circuit 110 generates a 
voltage applied to the pad 20 as the floating well voltage VFW and a control voltage 
5 CON in the case where the high voltage detecting signal VDET is generated, and the 
circuit 110 generates the power supply voltage VDD as the floating well voltage VFW 
and a ground voltage as the control voltage CON in the case where the high voltage 
detecting signal VDET is reset, 

[0030] If the voltage applied to the pad 20 is not greater than the power supply voltage 
10 VDD level, the high voltage detecting reset circuit 120 generates the high voltage 
detecting reset signal VRE. 

[0031] The PMOS transistor P2 is turned off when the floating well voltage VFW and the 
control voltage CON are applied to the pad 20, and is turned on in the case where the 
floating well voltage VFW is the power supply voltage VDD and the control voltage CON 

1 5 is the ground voltage, thereby pulling up the pad 20 to the power supply voltage VDD 
level. The NMOS transistor N2 transmits the voltage applied to the pad 20. That is, if the 
voltage applied to the pad 20 is lower than the power supply voltage VDD level, the 
NMOS transistor N2 transmits the applied voltage to the pad 20, and if the voltage 
applied to the pad 20 is greater than the power supply voltage VDD level, the NMOS 

20 transistor N2 transmits a voltage equal to the difference between the threshold voltage 
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Vtn of the NMOS transistor N2 minus the voltage applied to the pad 20. If the level of 
the signal transmitted through the NMOS transistor N2 reaches the trip voltage of the 
buffer BUF2, the buffer BUF2 transits the level of the input signal IN. 
[0032] As shown in Fig. 2, the input buffer of the present invention is configured by 
5 connecting the PMOS transistor P2, which is a pull-up means, to the pad 20, and 
comprises the high voltage detecting circuit 100, the control voltage and floating well 
voltage generating circuit 110, and the high voltage detecting reset circuit 120 for 
protecting the PMOS transistor P2 in the case where a voltage greater than the power 
supply voltage VDD level is applied to the pad. 

1 0 [0033] That is, in order to protect the PMOS transistor P2 from the applied high voltage, 
the input buffer of the present invention turns off the PMOS transistor P2 when the high 
voltage that is greater than the power supply voltage VDD level is applied to the pad 20, 
and pulls up the pad 20 to the power supply voltage VDD level by turning on the PMOS 
transistor P2 in the case where a voltage between a ground voltage level and the power 

1 5 supply voltage VDD level is applied to the pad 20. Consequently, it is possible to 
remove a leakage current through the input buffer connected to a pad of an external 
device by pulling up the pad 20 to the power supply voltage VDD level when the pad 20 
is in a floating state. 

[0034] Fig. 3 is a circuit diagram of an embodiment of an input buffer in accordance with 
20 the present invention. In this embodiment, the high voltage detecting circuit 100 
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comprises PMOS transistors P3, P4, and P5 and NMOS transistors N3, N4, and N5, the 
control voltage and floating well voltage generating circuit 110 comprises PMOS 
transistors P7, P8, and P9 and NMOS transistors N6 and N7, and a high voltage 
detecting reset circuit 120 comprises PMOS transistors P9 and P10 and NMOS 
5 transistors N8 and N9. 

[0035] The configuration of the circuit shown in Fig. 3 is now more fully described as 
follows. 

[0036] The high voltage detecting circuit 100 comprises: PMOS transistor P3 connected 
between the pad 20 and a node B and having a gate to which a power supply Voltage 

10 VDD is applied, and a substrate to which a floating well voltage VFW is applied; the 
NMOS transistor N3 connected between the node B and a node C and having a gate to 
which the power supply voltage VDD is applied and a substrate to which a ground 
voltage is applied; the NMOS transistor N4 having a drain connected to the node C, a 
gate to which a high voltage detecting reset signal VRE is applied, and a source 

1 5 connected to the ground voltage; the PMOS transistor P4 having a source and a 

substrate to which the power supply voltage VDD is applied and a gate connected to the 
node B; the PMOS transistor P5 having a source connected to a drain of the PMOS 
transistor P4 and a gate connected to the node C; and the NMOS transistor N5 having a 
drain connected to a drain of the PMOS transistor P5, a gate connected to the node C, 

20 and a source and a substrate connected to the ground voltage. A high voltage detecting 
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signal VDET is generated at the drain of the NMOS transistor N5. 
[0037] The control voltage and floating well voltage generating circuit 110 comprises: 
the NMOS transistor N7 having a gate to which the high voltage detecting signal VDET 
is applied, a source and a substrate connected to the ground voltage; the NMOS 
5 transistor N6 having a gate to which the power supply voltage VDD is applied, a source 
connected to a drain of the NMOS transistor N7, and a substrate connected to the 
ground voltage; the PMOS transistor P7 having a source(drain) to which the power 
supply voltage VDD is applied, a gate connected to the drain of the NMOS transistor N6, 
and a substrate to which the floating well voltage VFW is applied; the PMOS transistor 

10 P6 having a gate to which the power supply voltage VDD is applied, a drain(source) and 
a source(drain) connected between the gate of the PMOS transistor P7 and a pad 20, 
and a substrate to which the floating well voltage VFW is applied; and the PMOS 
transistor P8 having a source(drain) connected to the drain(source) of the PMOS 
transistor P7, a gate to which the power supply voltage VDD is applied, a drain(source) 

15 connected to the pad 20, and a substrate to which the floating well voltage VFW is 

applied. A control voltage CON is generated at the source(drain) of the PMOS transistor 
P6. 

[0038] The high voltage detecting reset circuit 120 comprises: the NMOS transistor N8 
having a gate to which the power supply voltage VDD is applied, a substrate connected 
20 to the ground voltage, and a drain(source) connected to the pad 20; the PMOS 
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transistor P9 having a source and a substrate to which the power supply voltage VDD is 
applied, and a gate connected to the pad 20; the PMOS transistor P10 having a source 
connected to a drain of the PMOS transistor P9, a gate connected to the drain(source) 
of the NMOS transistor N8, and a substrate to which the power supply voltage VDD is 
5 applied; and the NMOS transistor N9 having a gate connected to the drain(source) of 
the NMOS transistor N8, a drain connected to a drain of the PMOS transistor P10, and 
a source and a substrate connected to the ground voltage. A high voltage reset signal 
VRE is generated through the drain of the NMOS transistor N9. 
[0039] Fig. 4 illustrates the voltage response of each node in accordance with a change 

10 of a voltage applied to a pad of the circuit shown in Fig. 3, and wherein (a) refers to the 
voltage change at pad 20, (b) refers to the voltage change at node B, (c) refers to 
voltage change at node C, (d) refers to the voltage change of the high voltage detecting 
reset signal VRE, (e) refers to the voltage change of the high voltage detecting signal 
VDET, (f) refers to the voltage change of the control voltage CON, (g) refers to the 

1 5 voltage change of the floating well voltage VFW, and (h) refers to the voltage change of 
the input signal IN. 

[0040] In Fig. 4, a reference denoted as GND indicates a ground voltage level. 
[0041] The operation of a circuit shown in Fig. 3 is described as follows with reference 
to Fig. 4. 

20 [0042] As shown in waveform (a) of Fig. 4, after a power supply voltage VDD is applied 
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to the circuit, when a voltage between a ground voltage level to a voltage less than the 
sum of voltages VDD+Vtp, adding the power supply voltage VDD to a threshold voltage 
Vtp of the PMOS transistor P3, is applied to the pad 20, the PMOS transistor P3 is 
turned off. As shown in waveform (b) of Fig. 4, the node B remains at a ground voltage 

5 level and the NMOS transistor N8 transmits the voltage applied to the pad 20. At this 
time, until a voltage transmitted through the NMOS transistor N8 reaches a trip voltage 
of the PMOS transistor P10 and the NMOS transistor N9, the PMOS transistors P9 and 
P10 are turned on and the NMOS transistor N9 is turned off. Therefore, as shown in 
waveform (d) of Fig. 4, the high voltage detecting reset signal VRE is generated at a 

1 0 level of the power supply voltage VDD. However, if the voltage transmitted through the 
NMOS transistor N8 is greater than the trip voltage of the PMOS transistor P10 and the 
NMOS transistor N9, the PMOS transistors P9 and P10 are turned off and the NMOS 
transistor N9 is turned on. Thus, as shown in waveform (d) of Fig. 4, the high voltage 
detecting reset signal VRE of a ground voltage level is generated. When the high 

1 5 voltage detecting reset signal VRE of the power supply voltage VDD level is generated, 
the NMOS transistor N4 is turned on. So, as shown in waveform (c) of Fig. 4, the 
voltage of the node C becomes the ground voltage level. As a result, the PMOS 
transistors P4 and P5 are turned on, therefore, a high voltage detecting signal VDET is 
generated at the power supply voltage VDD level, as shown in waveform (e) of Fig. 4. 

20 When a high voltage detecting signal VDET is generated at the power supply voltage 
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VDD level, the NMOS transistor N7 is turned on, and a control voltage CON is 
generated at the ground voltage level, as shown in waveform (f) of Fig. 4. When the 
PMOS transistor P7 is turned on and the PMOS transistors P6 and P8 are turned off, 
and a floating well voltage VFW is generated at the power supply voltage VDD level, as 
5 shown in waveform (g) of Fig. 4. The PMOS transistor P2 is turned on and pulls up the 
pad 20 to the power supply voltage level. The NMOS transistor N2 transmits the voltage 
of the pad 20. If a voltage of a signal transmitted through the NMOS transistor N2 
reaches a trip voltage of the buffer BUF2, the buffer BUF2 generates the input signal IN 
at the power supply voltage VDD level, as shown in waveform (h) of Fig. 4. 

1 0 [0043] In other words, after the power supply voltage VDD is applied to the circuit, when 
a voltage smaller than a level of the voltage VDD+Vtp is applied to the pad 20, the high 
voltage detecting signal VDET, the high voltage detecting reset signal VRE, and the 
floating well voltage VFW of the power supply voltage VDD level are generated. 
Therefore, the PMOS transistor P2, which is a pull-up means, is turned on and pulls up 

1 5 the pad 20 to the power supply voltage VDD level. Accordingly, it is possible to prevent 
leakage current from being generated through the input buffer connected to an internal 
pad of an external device, since the internal pad of the external device connected to the 
pad 20 is placed in a floating state. 

[0044] In the meantime, while the power supply voltage VDD is applied to the circuit, 
20 and assuming a voltage greater than the level of the voltages VDD+Vtp is applied to the 
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pad 20, as shown in waveform (a) of Fig. 4, the PMOS transistor P3 is turned on, and 
then a voltage of the pad 20 is transmitted to the node B, as shown in waveform (b) of 
Fig. 4. 

[0045] In addition, as shown in waveform (c) of Fig. 4, the NMOS transistor N3 causes 
5 node C to change to the voltage VDD-Vtn by transmitting the voltage of node B. The 
NMOS transistor N8 transmits the voltage of the pad 20, and the NMOS transistor N9 is 
turned on in response to the signal transmitted through the NMOS transistor N8, 
thereby generating the high voltage detecting reset signal VRE at the ground voltage 
level, as shown in waveform (d) of Fig. 4. The NMOS transistor N4 is turned off, and the 

1 0 NMOS transistor N5 is turned on in response to the voltage of the node C, thereby 

generating the high voltage detecting signal VDET at the ground voltage level, as shown 
in waveform (e) of Fig. 4. Accordingly, the NMOS transistor N7 and the PMOS 
transistor P7 are turned off, and the PMOS transistors P6 and P8 are turned on, thereby 
generating the control voltage CON and the floating well voltage VFW having the same 

1 5 voltage level as the voltage applied to the pad 20, as shown in waveforms (f) and (g) of 
Fig. 4. The PMOS transistor P2 is turned off and the NMOS transistor N2 transmits the 
voltage of the pad 20. The buffer BUF2 generates the input signal IN of the power 
supply voltage VDD level in response to a voltage transmitted to the NMOS transistor 
N2, as shown in waveform (h) of Fig. 4. 

20 [0046] That is, after the power supply voltage VDD is applied to the circuit, when a 
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voltage greater than the level of the combined voltages VDD+Vtp is applied to the pad 
20, the high voltage detecting signal VDET and the high voltage detecting reset signal 
VRE are generated at a ground voltage level. In addition, the floating well voltage 
VFW and the control voltage CON are generated at the same level as the voltage 
5 applied to the pad 20.. Consequently, when a high voltage is applied to the pad 20, the 
PMOS transistor P2 is protected by turning off the PMOS transistor P2, the pull-up 
means. 

[0047] In this manner, as for the input buffer of the present invention, it is possible to 
prevent a leakage current through the input buffer connected to the pad of the external 
1 0 device by pulling up the pad to the power supply voltage level, in the case where the 
pad is in a floating state. 

[0048] In addition, the input buffer of the present invention can protect the pull-up 
means from an applied high voltage by sensing the applied high voltage and turning off 
the pull-up means, when the high voltage is applied to the pad. 
1 5 [0049] While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made herein without departing from the 
spirit and scope of the invention as defined by the appended claims. 
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